INTRODUCTION
Spinal cord injury (SCI) medicine is a complex field, and delayed access to appropriate expertise at any point in the care continuumpre-hospital, emergency, acute hospital, rehabilitation and community-can potentially compromise patient outcomes. Furthermore, an inability to transfer a patient from one phase of care in the management continuum to the next phase can result in inefficient resource utilisation. This problem can contribute to difficulty with other patients at different phases in the management continuum being unable to access their optimal setting of care.
Problems with patient flow in hospital systems have been well described in emergency departments 1-3 and acute-care hospitals. [4] [5] [6] Patient flow in rehabilitation has not been studied to the same degree, but in recent years, a number of reports have detailed problems in this area. [7] [8] [9] [10] [11] A recent survey of rehabilitation physicians in Australia highlighted problems with access to, and especially discharge from, rehabilitation units. 11 A few articles have previously highlighted problems for patients with non-traumatic SCI (NTSCI) not being able to access specialist spinal cord rehabilitation services as readily as patients with traumatic SCI (TSCI). 7, [12] [13] [14] The occurrence of barriers for admission into spinal rehabilitation units (SRUs) for patients with recent onset of spinal cord damage or barriers to discharge from SRUs after the completion of necessary inpatient rehabilitation for patients with spinal cord damage from any cause are an issue that has received little attention in the literature.
We planned a survey of units participating in our research collaboration, the International Spinal Cord Rehabilitation (ISCoR) study group (previously known as the International Non-traumatic Spinal Cord Injury Study Group) 15 on the perception of senior staff, regarding barriers for admission of patients into their SRU from acute hospitals and subsequent barriers to discharge. It is important to emphasis that all participating units admit patients with spinal cord damage from any cause, both NTSCI (median, interquartile range proportion 40%, 30-42%) and TSCI (median, interquartile range proportion 45%, 20-48), 15 and that the survey responses were based on consideration of both these patient groups in combination. The objective was to (a) measure the perception of barriers for admission into SRU and subsequent barriers to discharge; (b) to identify the types of perceived barriers; and (c) to provide further understanding of the context of the SRUs in the ISCoR Study Group that will be important for interpreting the results from subsequent phases of this project when patient outcomes, including length of stay in rehabilitation, are reported.
MATERIALS AND METHODS Participants
The participating units were chosen by the Principal Investigator on the basis that they included a broad international representation of SRUs, including a mix of developed and developing countries. It was initially planned to include at least one unit from each continent. Despite our best efforts, no unit from South America or Africa was located that was able to participate and meet the inclusion criteria (which included admitting a minimum of 50 patients with NTSCI over 3 years for inclusion into the ISCoR study group).
The full inclusion and exclusion criteria, and the results dealing with the organisation of rehabilitation services and systems of care (funding sources, relationship with acute hospitals, catchment, referral process, the number of rehabilitation beds, proportion of patients with NTSCI and TSCI, determination of readiness to discharge, staffing ratios, provision of secondary non-core therapists and ancillary services, and relevant support programs) have been recently reported. 15 Subsequent to the acceptance of the above manuscript, a site from the United Kingdom joined our Study Group, which also met the inclusion criteria.
Survey
A survey of participating units was developed by the Principal Investigator (PWN) based on clinical expertise and literature review. The survey questions on barriers to access and discharge were modified from a similar survey conducted on rehabilitation and aged-care physicians and senior hospital managers in Australia. 11 The present paper is based on items concerning respondents' perceptions regarding admission and discharge barriers for SRU patients, irrespective of aetiology of spinal cord damage (that is, the survey questions did not distinguish between TSCI and NTSCI). The survey used Likert scale (no problem, mild, moderate, severe or extreme problems) and closed questions, as well as a few open questions, allowing free-text answers (copy of the survey available from PWN). The respondents were able to select as many relevant reasons for barriers to admission and discharge from a list, with the opportunity to also add their own reasons.
The survey was completed electronically by a representative from each of the participating SRUs between December 2010 and February 2013. Given the time period over which the survey was completed, all authors reconfirmed the responses pertaining to their SRU were still applicable in March and April 2013. No specific data analysis was planned. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. Approval for the project was obtained separately by the participating units from their respective institute's ethics committees, where required, and from the Alfred Health Human Research and Ethics Committee, Melbourne, Victoria, Australia. Agree that it may help improve patient outcomes, and health system processes, to collect data on the timeliness of access to inpatient rehabilitation for acute hospital patients with SCI by using this information for benchmarking and quality improvement purposes. 
RESULTS
Ten SRUs agreed to participate in this project and completed the survey (Australia, Canada, Italy, Ireland, India, Netherlands, Pakistan, Switzerland, United Kingdom and USA). The responses regarding perceived barriers to admission are shown in Table 1 . There was a wide diversity in the perception of barriers to admission (no access problems n ¼ 3; minor access problems n ¼ 3; moderate access problems n ¼ 2; severe access problem n ¼ 1; and extreme n ¼ 1). Despite the range of responses, most units (n ¼ 9/10) agreed that collecting data on timeliness of access to the SRU for acute hospital patients with SCI may help improve patient outcomes and health system processes by providing information for benchmarking and quality improvement purposes. Five units collected this type of information at the time of survey completion (time from ready for transfer from acute hospital until admission into SRU). The most common nominated reasons for barriers to admission were physical/ environmental issues (n ¼ 7) and the number of available beds (n ¼ 5).
The responses regarding perceived barriers to discharge from the SRU are shown in Table 2 . Compared with admission barriers, there was a greater perception of barriers to discharge reported (minor problem n ¼ 3; moderate problem n ¼ 3; severe problem n ¼ 3; extreme n ¼ 1). All units agreed that collecting data on barriers to discharge for SRU patients may help improve patient outcomes and health system processes. Four units collected this type of information at the time of survey completion. The most common reasons nominated for barriers to discharge from SRUs were as follows: lack of funding for caregivers (n ¼ 8), lack of funding for home modifications (n ¼ 7), waiting for nursing home (n ¼ 7) or other accommodation (n ¼ 7) and lack of funding for necessary equipment (n ¼ 6).
DISCUSSION
Our results found that the perception of the degree of difficulty with barriers for transfer from acute hospital into SRUs varied between participating units. In contrast, there was a much more consistent perception of problems with barriers to discharge from SRUs. There was strong agreement that collecting data on both the timeliness of access to SRU and the barriers to discharge from SRU and using this information for benchmarking and quality improvement purposes may help improve patient outcomes and health system processes. Our findings highlight that problems with patient flow in SRUs are of international significance.
Our results are consistent with the survey results from Australian clinicians and health managers regarding perception of barriers to patient flow and the use of related process measures. 11 In that study, 87% of rehabilitation physicians believed that there were moderate, severe or extreme discharge barriers for inpatients in their unit compared with 41% who reported the same degree of problems with barriers to admission. Although 45% of respondents in that survey reported collecting data related to the timeliness of acute hospital patients, accessing rehabilitation beds for quality improvement purposes, 70% agreed that this information would be useful for benchmarking and quality improvement purposes. Nineteen percent of respondents reported collecting data related to discharge barriers, but 71% agreed that this information would be useful. The reasons nominated as admission or discharge barriers from the Australian survey had many similarities with the reasons nominated by respondents in this report. Our findings reinforce the assertions of others that there are problems with rehabilitation patient flow generally, 9-10 as well as patients with spinal cord damage. [7] [8] Two previous reports have highlighted the problems with timely access to appropriate expertise in the SCI management continuum, particularly admission to SRU. [7] [8] None of the units in our survey reported health policies limitations or constraints to either admission or discharge, as others have reported, [16] [17] [18] but this may be due to the number of units included and non-random participation in the survey. A survey from The Netherlands highlighted problems with the amount of time some patients spent arranging their home modifications or alternative accommodation, with a third of patients reporting that their discharge was delayed by a median of 15 weeks while this issue was resolved. 19 A recent study from the United States of America that classified the barriers to community integration for patients with SCI report that the two most common barriers were equipment issues and lack of environmental and home assistance, which coincides with the common reporting among our units of these as barriers to discharge. 20 Problems with patient flow in rehabilitation can result in a number of potential adverse consequences, as well as wasting health-care resources that could be better utilised. When patients are in hospital for longer than necessary, for each additional day of hospitalisation, the risk of iatrogenic complications, such as medication errors, nosocomial infections and falls, increases by 6%. 21 Stroke 22 and trauma patients 23 are reported to have better outcomes when transferred to rehabilitation sooner, with a shorter rehabilitation length of stay and better functional outcomes at discharge. 22, 23 Similar findings have also been reported in patients with spinal cord damage. Patients with a shorter acute hospital admission have been reported to have a shorter rehabilitation admission, 24, 25 fewer pressure ulcers 24 and a more efficient functional improvement. 25, 26 A detailed discussion of the implications of each barrier reported would be quite lengthy; however, it is apparent that in order to adequately address the range of barriers reported, more resources may be required to meet the needs of NTSCI and TSCI patients. Some of these resources may be needed by the SRUs and others by community organisations, with the specific requirements varying between settings. These resources include physical and material goods, workforce, health and disability services, and the timely availability of accommodation options for disabled. The responsibility for implementing the required solutions would vary between SRUs, but would typically lie at either a regional, State or National level. Unfortunately, given the current global economic outlook, many countries would have difficulty in adequately addressing the need highlighted here in the short term.
The implications of our results are that health funders, managers, policymakers and senior clinicians need to address patient flow inefficiencies through the whole hospital system, and not just focus on the emergency department. Our results highlight the potential to improve the flow for patients with spinal cord damage through the hospital system. Further study of this problem will facilitate the wise use of scarce resources and the best achievable patient outcomes. The problems we highlight are an important opportunity for improvement of health-care and hospital systems. A detailed understanding of access and discharge barriers would allow resources to be optimally directed. An international study group will allow cross-cultural comparisons. Efficient patient transfer to the optimal level of care may be able to reduce the total cost of care and also the chance of iatrogenic complications, and help improve functional outcomes. It is quite likely that developing solutions to access and discharge barriers would result in a significant improvement in length of stay, in both acute and rehabilitation hospitals. It is important to note that addressing the barriers to discharge for patients who have completed rehabilitation and for those whose discharges have been delayed will consequently improve access for patients waiting for transfer into the SRU.
Research is needed to measure the occurrence and causes of barriers to patient flow for SCI patients across the management continuum. A necessary requirement for future studies includes key principles to guide this research-because this field has not been well studied to-date-including the development of trans-cultural definitions, classifications and key performance indicators of patient flow in rehabilitation that can facilitate patient flow barriers being identified and addressed. 27 Risk adjustment strategies will also be necessary to allow meaningful comparisons across centres. In order to improve the health-care experiences for patients, it is also suggested that future work in this field include patients' perspectives on admission and discharge barriers.
Study limitations
Limitations of our survey include the possibility of responder bias, which could have influenced answers in either direction, and the small number of participating units. We believe, however, based on discussion with colleagues in our respective countries and internationally in other SRUs, that our findings are generalisable to many other SRUs around the world, not just in the countries that participated in this survey. Furthermore, we believe that there are likely to be problems with patient flow in rehabilitation that affect other impairment groups besides those with spinal cord damage.
Other limitations are the range of factors considered in the survey questions. For example, there was no rating of the degree to which the nominated reasons for a barrier contributed to the access or discharge barriers or quantification of the rating of barrier severity. We did not record perceptions about lack of awareness of SRUs among acute hospital staff or the lack of availability of such units, and we did not attempt to measure actual duration of the barriers or their impact on length of stay. A future project plans to measure the occurrence, causes and duration of barriers to the flow of patients into and out of our units. There is also the possibility that the perceptions regarding the severity and causes of barriers to admission or discharge may have changed, either for better or worse, since the survey was conducted. Finally, we have not considered internal processes in acute hospital units or the SRU that can also impact on length of stay and contribute to admission or discharge barriers. Recent publications using the operations research methodology have highlighted the opportunities for improving these internal processes for patients with SCI. 28, 29 CONCLUSIONS We have found that many SRUs have problems with timely access for acute hospital patients to their beds and most have problems with barriers to discharge. These problems contribute to hospital inefficiency and compromise patient outcomes. Further research is warranted to quantify the extent and impact of barriers to the flow of patients with spinal cord damage through the care continuum.
Systems improvement processes designed to minimise the barriers identified could result in benefits for individual patients and major improvements in the flow of patients through the entire hospital system.
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